Neural stem cells and cell death.
Neural stem cells (NSC) undergo apoptotic cell death as an essential component of neural development. Here, we present the results of our studies on the mechanisms by which NSC undergo cell death in response to neurotoxic insults. As experimental models we used primary culture of adult NSC from the subventricular zone of the rat brain, and the neural stem cell line C17.2 initially derived from developing mouse cerebellum. NSC undergo apoptosis in response to staurosporine (0.25 microM) as well as agents inducing oxidative stress such as 2,3-dimethoxy-1,4-naphthoquinone (DMNQ). Exposed cells demonstrate an apoptotic morphology, positive TUNEL staining and phosphatidyl serine exposure as labeled with Annexin V. Using an antibody specific for cytochrome c, we found that cells exposed to staurosporine or DMNQ exhibited diffuse fluorescence throughout the cytosol, implying a release of cytochrome c from the mitochondria. In addition to positive immunoreactivity against the active fragment (p17) of caspase-3, the administration of the pan-caspase inhibitor, zVAD-fmk (40 microM), prevents apoptosis. Both NSC and C17.2 express the Fas receptor, and procaspase-8, but exposure to agonistic Fas mAb (250 ng/ml) fails to induce apoptosis. Pretreatment with cycloheximide or actinomycin D does not influence the cell response to Fas mAb, suggesting that the endogenous inhibitor of caspase-8 FLICE-inhibitory protein (FLIP) is not responsible for the inhibition of the Fas pathway. Thus, it appears that the Fas dependent cell death pathway is not operative in these cells, while the mitochondrial pathway is active and caspase-3 serves as an executioner caspase in the apoptotic machinery. It is known that Fas not only induces apoptosis, but can also deliver growth stimulatory signals through activation of the extracellular-signal regulated kinase (ERK) pathway. The Fas-induced ERK phosphorylation that we detect in C17.2 cells suggests that in NSC Fas may function as a mediator of growth rather than death.